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Congenital heart block (CHB) is a rare but life-threatening disorder. More than half of CHB cases are associated with maternal autoimmune, which are termed as autoimmune-associated CHB. Although the association between maternal autoantibodies and CHB has been recognized for a long time, the molecular mechanisms underlying CHB pathogenesis are not fully understood yet. It is thought that transplacental maternal antibodies may recognize fetal or neonatal antigens in various tissues and result in immunological damages.

Recent studies in animal models as well as in patients demonstrated that anti-Ro52 antibody has a direct pathogenic effect on cardiac conduction system via disrupting calcium homeostasis. In addition, deposition of maternal antibodies in the heart of fetuses may initiate inflammatory responses, which in turn contribute to fibrosis and eventual calcification of the AV node, leading to complete atrioventricular block (CAVB). However, CHB develops only in 1--2% anti-Ro-positive pregnancies and the outcome varies greatly.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Obviously, multiple factors are involved in the process of atrioventricular block (AVB) development and progression. While several susceptibility genes have been successfully defined, how these genes and their protein interact and impact each other remains to be explored.

Since the first-degree AVB could rapidly progress to CAVB, early diagnosis, timely prenatal evaluation, and proper management are critical to prevent progression and avoid irreversible damage. Fortunately, with currently available diagnostic tools, fetal ultrasound cardiography (fUCG), and fetal magnetocardiography (fMCG), most of CHB can be successfully diagnosed and comprehensively evaluated prenatally.

Regarding the management of autoimmune-mediated CHB, the efficacy of current approaches for preventing the progression and recurrence of CHB and other autoimmune-mediated damages is still controversial. The parameters to weigh out the risk and benefit remain to be determined. Recently, several combined therapies have been proposed and attempted and appeared to be promising.

In the current study, we have reviewed the recent research findings in understanding autoimmune-associated CHB, discussed the current diagnostic approaches and management strategies, and summarized the problems and future directions for this disorder.
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CHB occurs approximately 1 in 20,000 live births. More than half of CHB cases are associated with autoimmune and CHB remains a severe life-threatening disorder.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\] Autoimmune-associated CHB occurs in 2--5% pregnancies with positive anti-Ro/SSA (the most common one) and La/SSB antibodies, and it has a recurrence rate of 12--25% in a subsequent pregnancy.\[[@ref4][@ref5][@ref6][@ref10]\] The perinatal mortality of neonate with CHB researches to 30%, and even higher in the presence of endocardial fibroelastosis (EFE) and/or dilated cardiomyopathy (DCM).\[[@ref6][@ref11]\] Previous studies revealed that 64--70% CHB survivors require permanent pacemaker implantation.\[[@ref2][@ref5][@ref6][@ref9][@ref10][@ref11][@ref12]\]

Such autoimmune-mediated CHB has been found in a variety of maternal autoimmune disorders, such as Sjogren\'s syndrome, systemic lupus erythematosus, rheumatoid arthritis, antiphon-spholipid syndrome, mixed connective tissue disorders, and undifferentiated connective tissue disease.\[[@ref1][@ref2][@ref3][@ref8][@ref9][@ref10]\] Multicenter prospective studies with large sample size have demonstrated that more than half of asymptomatic pregnant women were eventually confirmed with autoimmune disorders. Among fetal AVB, approximately one-third of anti-SSA/Ro-positive pregnant women were diagnosed with rheumatological disorders preceding the discovery of advanced fetal CHB.\[[@ref4][@ref5][@ref6][@ref11][@ref12][@ref13]\]

Previous studies support that autoimmune-associated fetal CHB is secondary to the autoantibody-mediated damages and fibrosis in fetal conduction system, especially in atrioventricular (AV) node. The first sign of CHB, such as persistent fetal bradyarrhythmia, is usually noted between 18^th^ and 24^th^ gestational weeks (GWs).\[[@ref7][@ref9][@ref13][@ref14]\] In the mean time, it has been demonstrated that CAVB and cardiomyopathy may occur within 1 week following a normal echocardiogram.\[[@ref6][@ref13][@ref15]\] The rapid deterioration of the tissue damages in conducting system only allows a short-time window for urgent prenatal evaluation, management, and therapy.

Fetuses who have an exposure to maternal pathogenic autoantibodies may have variegated cardiac manifestations. Irreversible CAVB is the main cardiac manifestation in over 80% of reported cases.\[[@ref5]\] The spectrum of manifestation is still expanding and the followings are recently reported: fetal prolonged PR interval, first-and second-degree AVB, EFE, prolongation of corrected QT interval, sinus bradycardia (SB), late-onset DCM, atrial flutter, valvular insufficiency, ventricular/valvular hyperechogenicity, pericardial effusion, and other heart disorders even in the absence of cardiac block.\[[@ref2][@ref4][@ref5][@ref6][@ref7]\]

Autoimmune-mediated damage is initiated at the fetal stage but may sustain postnatally. According to the latest opinions, once fetal cardiac involvement is determined, it should be included in the management of neonatal lupus syndrome (NLS), which is the most common presentation of autoimmunity in newborns.\[[@ref4][@ref5][@ref6][@ref7][@ref13]\] The heart appeared to be particularly susceptible to damage in NLS. In addition to cardiac involvements, NLS may affect other systems and manifest involvement of multiple systems, such as cutaneous rashes, hepatobiliary disease, and/or thrombocytopenia or other types of cytopenia. While third-degree heart block, once occurred pre- or post-natally, is permanent, most of manifestations of NLS is transient. Cutaneous lesions and hepatobiliary diseases tend to resolve spontaneously, but they appear to pose an increased risk for autoimmune diseases later in childhood or adulthood. In the absence of prenatal cardiac involvements, there are still the possible autoimmune-mediated cardiac injuries, which could newly present during the 1^st^ year of postnatal life. Accordingly, close monitoring and regular follow-up are strongly recommended.

Regarding the pathogenesis of neonatal autoimmune diseases, it is thought that the transplacental maternal antibodies are involved. These antibodies may recognize fetal or neonatal antigens in various tissues and result in immunological damages and may manifest as the cryopyrin-associated periodic syndromes (CAPS), familial cold autoinflammatory syndrome (FCAS), Muckle-Wells syndrome and neonatal onset multisystem inflammatory disease (NOMID), neonatal antiphospholipid syndrome, Behcet\'s disease, neonatal autoimmune thyroid disease, neonatal polymyositis and dermatomyositis, neonatal scleroderma, or neonatal type I diabetes mellitus.\[[@ref14]\] The diseases vary greatly in severity and involvement of physiological systems, it could be from mild skin rash to severe involvements of the neurological, cardiac, hepatic, and hematological systems. Regarding the molecular mechanism, it was found that the defect of *CIAS1* or *NALP3* gene (on chromosome 1) was a shared gene background in various neonatal autoimmune diseases, including CAPS, FCAS, NOMID, and some types of hematological cytopenia.\[[@ref14]\] Therefore, aberrant functioning of the inflammasome may play an important role in the pathogenesis of autoimmune-mediated fetal/neonatal inflammatory diseases.\[[@ref14][@ref16][@ref17]\]
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The mechanism for etiopathogenesis of autoantibody- mediated CHB remains to be elucidated.\[[@ref2][@ref6][@ref8][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\]Diverse clinical presentations need to be further dissected and classified.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\]Early detection of autoantibody-mediated CHB is critical but still challenging. It is urgently necessary to define the susceptible populations, from both maternal and fetal aspects.\[[@ref2][@ref15][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37]\]The efficacy of current approaches for preventing the CHB progression in affected fetus and recurrence in subsequent pregnancy as well as other autoimmune-mediated damages is still controversial. The parameters to weigh out the risk and benefit remain to be determined.\[[@ref2][@ref38][@ref39][@ref40][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48][@ref49]\]The data from experiment-based research on NLS are not conclusive, and laboratory findings are not sufficient to guide clinical practice.\[[@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48][@ref49]\]Risk factors for NLS are not clearly defined and studies with racial/ethnic specificity remain to be performed.\[[@ref2][@ref8][@ref12][@ref15][@ref49][@ref50]\]
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Although the association between maternal anti-Ro/SSA autoantibodies and CHB has been recognized for a long time, the molecular mechanisms underlying CHB pathogenesis are not fully understood yet. We discuss previously published findings and their clinical implications.

Relationships between autoimmune injuries and CHB {#sec2-1}
-------------------------------------------------

Anti-Ro/SSA and anti-La/SSB antibodies specifically recognize three different proteins: Ro 52, Ro 60, and La, as well as a set of noncoding RNAs called Y RNA particles. The Ro/SSA 60 kDa protein acts as a quality check for misfolded RNAs, which are subject to degradation when tagged by Ro/SSA particles.\[[@ref6][@ref16]\] Ro/SSA 52 kDa protein mediated a wide spectrum of biological function through ubiquitination, which modifies the functional roles or stability of different molecules.\[[@ref6][@ref16][@ref17]\] La/SSB proteins bind Ro 60/Y RNA and facilitates the correct folding of newly synthesized small RNAs and protects them from exonuclease digestion.\[[@ref6][@ref16][@ref17]\]

While autoantibodies against these proteins may be all involved in the development of CHB, anti-Ro52 antibody appears to play the dominating roles.\[[@ref16][@ref17]\] It was demonstrated that anti-Ro52 antibody have a direct pathogenic effect on cardiac conduction and calcium homeostasis both *in vitro* and *in vivo*.\[[@ref6]\] First, animal models of heart block have indicated that anti-Ro52 antibody contributed to the occurrence of CHB. Briefly, first-degree AVB was observed in 9--45% of pups with exposure to Ro52 immunization, depending on the animal types and strains.\[[@ref17][@ref18][@ref19]\] Second, a population-based investigations of the autoantibody profile in mothers of children with AVB also support the role of anti-Ro52 antibody. In this study, autoantibody profiles for the mothers of children with AVB were obtained and were analyzed. Among the entire panel of antibodies against Ro52, Ro60, La, SmB, SmD, RNP-70k, RNP-A, RNP-C, CENP-C, Scl-70, Jo-1, ribosomal RNP and histones, maternal anti-Ro52 antibody showed a dominating association with children\'s AVB.\[[@ref3]\] Regarding the roles of other autoantibodies, a recent study showed that while low-titer and isolated anti-Ro/SSA 60kDa antibodies were correlated with positive pregnancy outcomes, high-titer anti-Ro/SSA 60kDa was associated with a high probability of fetal CHB.\[[@ref17]\]

Proposed mechanism {#sec2-2}
------------------

It has been observed that maternal autoantibodies can be transported across the placenta, and they may affect the developing fetus and contribute to the development of fetal CHB.\[[@ref16]\] Regarding the molecular mechanisms leading to CAVB, several hypotheses have been proposed in the literature, but none of the proposed model was capable of explaining all aspects of CHB.\[[@ref16][@ref17]\] A relatively well-accepted model is that anti-Ro52 antibody may directly affect calcium homeostasis in the fetal heart, leading to disturbances in signal conduction and/or electrogenesis. In addition, deposition of maternal antibodies was found in the heart of fetuses who died of CHB. The accumulated antibodies were thought to be the initiator of fetal inflammatory responses, which in turn contribute to fibrosis and eventual calcification of the AV node, leading to CAVB.

Aurélie and Ambrosi *et al*.\[[@ref16][@ref17]\] proposed that a cascade of events occur in the pathogenesis of CHB. Briefly, during pregnancy, maternal IgG autoantibodies are transported across the placenta through neonatal Fc receptor to the fetal blood circulation. Mother-derived anti-Ro antibodies may have cross-reactivity with fetal epitopes on calcium-regulating molecules, such as ion channels. Binding of maternal anti-Ro antibody on the ion channel protein may disrupt the function of channel and cause the dysregulation of calcium homeostasis, and eventually cellular apoptosis. Subsequently, anti-Ro 60 and anti-La autoantibodies may bind their cognate antigens present on the surface of apoptotic cells. These molecular interactions in the early stages may correspond to clinical signs of fetal AV time prolongation or first-degree AVB. Concerning the different outcome among fetuses, the expression status of fetal susceptibility genes, such as human leukocyte antigen (HLA), may determine the degree of severity and progression. In other words, in the absence of susceptibility gene, the local inflammation may be resolved, leading to recovery of fetal AV conduction. Otherwise, the inflammation and damage may be exacerbated and results in fibrosis and calcification, leading to permanent CAVB.

Genetic susceptibility factors {#sec2-3}
------------------------------

While it has been well recognized that there is an association between fetal CHB and maternal anti-Ro/La antibodies, two questions remain to be answered. First, why does CHB not develop in all anti-Ro-positive pregnancies but in only 1--2% of such pregnancies?\[[@ref16]\] Second, why does first-degree AV block never progress in certain cases but progress rapidly to AVB II and AVB III in other cases? Although we do not have definitive answers for these two questions yet, the two observations suggested that there must be other unidentified important factors involved in the process of AVB development and progression. In the past decade, we have seen efforts made to reveal those undefined factors from both maternal and fetal aspects.

First, studies focusing on genetic polymorphisms of the proinflammatory and profibrotic cytokines, tumor necrosis factor-alpha (TNF-α), and transforming growth factor-beta (TGF-β), have revealed that the genetic profile of the fetus may be important determinants for the development of autoimmune-associated CHB. In addition, studies on myosin heavy chains (MHCs) demonstrated that genetic differences in MHCs influence the degree of susceptibility to CHB in both animal models and patients.\[[@ref17][@ref19][@ref20][@ref21]\] Furthermore, a family-based analysis of single-nucleotide polymorphisms (SNPs) in the HLA region demonstrated that HLA-DR104 and HLA-Cw5 genotypes were associated with high susceptibility to CHB, and HLA-DR13 and HLA-Cw6 genotypes appeared to have protective effect.\[[@ref17][@ref22]\] Consistently, a genome-wide association study for 116 children with NLS and 3551 controls has identified that the most significant N LS-associated candidate loci were in the HLA region at 6p21 and 21q22.\[[@ref23]\] These loci include rs3099844 near *MIBC* gene, rs7775397 between *Notch4* and *BTNL2* genes, and several SNP loci near *TNF-α* gene. Last, recent studies revealed that some non-HLA genes, such as sialyltransferase *ST8SIA2*, the complement regulator *CSMD1*, and the integrin *ITGA1*, may also be associated with cardiac manifestations of NLS.\[[@ref14][@ref24]\] From maternal aspect, it was found that polymorphism in the interferon regulatory factor 5 gene was associated with asymptomatic mothers who had high-titer anti-Ro/SSA autoantibodies.\[[@ref14][@ref25]\]

Despite the success in searching for genetic factors for CHB, extensive effort is still necessary to elucidate their specific roles in the development of CHB. In addition, the environmental factors are poorly defined, and how these factors interact and impact each other also remains to be explored.\[[@ref51]\]
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Fetal ultrasound cardiography {#sec2-4}
-----------------------------

Currently, ultrasound cardiography (UCG), also known as echocardiography, is the leading tool for the diagnosis of fetal arrhythmia. Based on the rate and regularity of atrial and ventricular events, as well as the relationship among A-V conduction, A-V and V-A chronology, most types of fetal arrhythmia can be diagnosed prenatally. UCG has the capacity of simultaneously recording the heart rhythm and screening the cardiac structure, which provides necessary parameters for comprehensive evaluation of fetal heart function.\[[@ref2][@ref26][@ref27][@ref28]\] Although the diagnosis of certain types of fetal arrhythmia is still challenging, the effectiveness and accuracy of fUCG is sufficient for the evaluation of morbid state, prognosis, and therapeutic guidance.

Most cardiac structural abnormalities can be detected by fUCG with a sensitivity of 93.8%, specificity of 98.8%, positive predictive value of 98.1%, and negative predictive value of 99.9%. A meta-analysis study for 81 studies in 63 articles by Li *et al*.\[[@ref28]\] supported the notion that fUCG detection is a reliable method for diagnosis of fetal cardiac structural abnormalities. The overall performance of pooled sensitivities of spatiotemporal image correlation (STIC), extended cardiac echocardiographic examination (ECEE), and 4-chamber view (4CV) + outflow tract view (OTV) + 3 vessels and trachea view (3VTV) were around 0.90. The area under the summary receiver operating characteristic curves value of STIC, ECEE, 4CV + OTV + 3VTV, 4CV + OTV/3VTV, and 4CV were 0.9700, 0.9971, 0.9983, 0.9929, and 0.9928, respectively. Therefore, fUCG has a great diagnostic potential for detection fetal congenital cardiovascular malformations.\[[@ref2][@ref28]\]

The evaluation systems for fetal heart function include fetal cardiovascular profile score (CVPS) and Tei-index. CVPS included five parameters: hydrops, cardiomegaly (cardiac area/thoracic area), cardiac function, arterial umbilical Doppler, and venous/ductus umbilical Doppler. The maximal CVPS is 10 points, with 2 points given to normal findings and 1 or 2 points deduction for abnormal states. Decrease in CVPS indicates impaired overall fetal cardiac function. Tei-index, also known as the myocardial performance index, is a more sensitive indicator for mildly compromised fetal heart at early stage. It has been reported that there was a negative correlation between CVPS and Tei-index. Data of previous studies showed that combined evaluation of CVPS, Tei-index, and umbilical artery resistance index could provide a comprehensive and accurate estimation for fetal heart function.\[[@ref2][@ref29][@ref30][@ref31]\]

Fetal magnetocardiography {#sec2-5}
-------------------------

While most of fetal CHB cases can be reliably diagnosed through fUCG, it fails to provide conclusive information regarding electrophysiology of the fetal cardiac conducting system. fMCG is the magnetic analog of the fetal electrocardiogram (fECG),\[[@ref32]\] and fetal cardiac time intervals could be extracted from the fMCG recordings by predefined procedures. In addition, fMCG results may also be utilized to monitor disease progression. It has been demonstrated that PQ segment prolongation in fetuses from antoantibody-positive mothers is associated with a low-risk for progression. Furthermore, recent studies showed that fMCG can be effectively used in the prenatal diagnosis of atrial bigeminy (conducted and blocked), 2:1 AVB, CAVB, delayed AV conduction, PQ segment prolongation, and different types of long QT syndrome.\[[@ref32][@ref33][@ref34][@ref35]\]

In comparison with fMCG, conventional M-mode echocardiography failed to detect the exact AV interval unless full AVB was reached. It detected first-degree AVB with low sensitivity and specificity (44% and 88%, respectively), in contrast, fECG showed a sensitivity of 66.7% and specificity of 96.2% for these cases.\[[@ref15][@ref35]\] The availability of fMCG could help define low-risk and high-risk PQ normal ranges.

In summary, using currently available diagnostic tools, fUCG and fMCG, most of CHB can be successfully diagnosed and prenatally evaluated. Proper management should be followed with a goal to prevent progression and avoid irreversible damage.
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Necessity and importance of prenatal management for congenital heart block {#sec2-6}
--------------------------------------------------------------------------

Thus far, factors influencing the progression of cardiac lesions are not well defined. It was noticed that a small number of CHB patients who have prolonged PR and QT intervals could spontaneously return to normal.\[[@ref15][@ref36][@ref37]\] However, a large portion of CHB, as first detected as first-degree AVB, progress rapidly to AVB II and III in a very short time. Previous studies in rator human heart isolated with the Langendorff technique indicated that maternal autoantibodies have a direct effect on the fetal heart conducting system, and induced fetal bradycardia and CAVB within 15 min.\[[@ref17]\] Once CAVB occurs, it is irreversible and most of the children need permanent pacemaker implantation. Accordingly, upon the diagnosis of fetal CHB, timely treatments are necessary to exempt affected fetus/neonate from a poor outcome, such as intrauterine demise, pre- and post-natal heart failure, pacemaker implantation, and low quality of life.

Pre- and post-natal monitoring {#sec2-7}
------------------------------

The accurate prenatal diagnosis is the cornerstone of prenatal monitoring and therapy. Pregnant women with clinical and subclinical autoimmune diseases should be referred for fetal cardiac morphology screening and heart function evaluation. If fetal CHB is suspected, fetal cardiac conduction interval (PR, QT) should be closely monitored.\[[@ref15][@ref37]\] Fetal UCG is the leading tools to measure fetal cardiac PR intervals and fMCG can provide more detailed information. Thus far, it is still challenging to predict the prognosis for a specific individual. Usually, PR prolongation is considered an early manifestation of CAVB in autoantibody-mediated lesion. According to the perspective study for the PR Interval and Dexamethasone Evaluation conducted by Friedman *et al*.\[[@ref13]\] and Phoon *et al*.,\[[@ref15]\] we included a hierarchical management and monitoring regimen for fetal PR \[[Figure 1](#F1){ref-type="fig"}\]. Regarding the prognostic factors,\[[@ref3][@ref4][@ref5][@ref6][@ref27]\] multiple studies indicated that poor prognosis during fetal and neonatal periods included earlier gestational age at diagnosis, lower ventricular rate (\<50 beats/min), as well as the presence of EFE, DCM, and fetal hydrops. Hydrops fetalis was revealed to be an independent risk factor for both neonatal and *in utero* death.\[[@ref7][@ref8][@ref9][@ref10][@ref27]\] In contrast, fetuses/neonates with NLS, in the absence of hydrops fetalis and cardiac structural abnormality, have a documented 90% survival rate.\[[@ref8][@ref9][@ref27]\] It was suggested that multiple factors should be taken into consideration for the risk evaluation.

![PR Interval and Dexamethasone Evaluation research: Hierarchical management and monitoring base on PR interval. GWs: Gestational weeks; ECHO: Echocardiography; ECG: Electrocardiogram; msec: Millisecond; AVB: Atrioventricular block; TR: Tricuspid regurgitation; CHF: Congestive heart failure; DEX: Dexamethasone; IVIG: Intravenous immune globulin; EFE: Endocardial fibroelastosis. *(The picture is original published in Congenit Heart Dis 2012; 7: 349-60 by Dr. Colin K.L. Phoon, Mimi Y. Kim, Jill P. Buyon, and Deborah M. Friedman)*.](CMJ-130-2863-g001){#F1}

Previous studies showed that these who experienced exposure to maternal autoantibodies in fetal life have a higher risk for autoimmune diseases in later life, when compared to normal subjects. In addition, it has been shown that while the offspring of lupus mothers develop mentally normal, some of them suffer from cognitive deficits, and \>45% boys have dyslexia. Furthermore, cardiac involvement might sustain within 1 year after birth even after blocking progress. Therefore, these children still need follow-ups and monitoring routinely to 1 year after birth, or for even longer period.

Prenatal treatment and management {#sec2-8}
---------------------------------

The normal range of fetal PR interval varies depending on gestation weeks (GWs) and fetal heart rate (HR). If fetal PR interval is prolonged \>140 ms, more frequent fUCG should be arranged. If fetal PR interval is \>150 ms, first-degree AVB can be diagnosed,\[[@ref15][@ref37]\] and transplacental administration of corticosteroids should be considered. If it advanced to second-degree AVB and CAVB, maternal oral dexamethasone is strongly recommended \[[Figure 1](#F1){ref-type="fig"}\], and intravenous immunoglobulin (IVIG) and plasmapheresis can be adopted.\[[@ref15][@ref37][@ref38]\] Depending on the fetal ventricular rate and heart function, β-sympathomimetic agent can be selected as an alternative drug to increase fetal HR (fHR) and improve myocardial contractility. The currently used treatments are further discussed.

Transplacental administration of corticosteroids {#sec2-9}
------------------------------------------------

The transplacental administration of corticosteroids is being used to treat congenital heart, but its effect versus risk is still controversial, especially for CAVB.\[[@ref1][@ref38][@ref39][@ref40][@ref41]\] Accumulating data showed that corticosteroids have no beneficial effects on CAVB. While it appeared to improve the overall condition of the suffered fetus, it could not avoid pacemaker implantation or decrease the mortality. For some mild cases, dexamethasone could prevent the progression and facilitate the recovery of normal sinus rhythm. In general, it is thought that benefit of corticosteroids may be limited to first- and second-degree AVB cases and cases complicated by fetal hydrops. In addition, prenatal dexamethasone might slow down or even halt the fetal growth and development, and long-term corticosteroids therapy has a strong association with intrauterine growth retardation (IUGR) and oligoamnios.\[[@ref4][@ref42]\] Thus, with the given data, as well as the potential side effects, it is necessary to weigh out the benefits and risks before use of steroids.\[[@ref1][@ref39]\]

Regarding different corticosteroids, prednisone and prednisolone have only a small proportion of active ingredients capable of passing the placenta and reach fetal circulation, and the therapeutic effects for fetus are not adequate to meet the expectation for clinical treatments. However, they can be used as single-aspect maternal therapy with less effect on fetus. In contrast, the placental transfer rate of dexamethasone and betamethasone is sufficient for prenatal treatment of fetal diseases, and they are also used for two-aspect therapy in pregnancy (both maternal and fetal disorders). In general, prenatal use of glucocorticoid may be beneficial for following conditions: fetal DCM, fetal AVB with high lethality, incomplete AVB, pregnancies of anti-SSA/SSB antibody-positive multigravida with previous fetus suffered from CHB, and other conditions with high risk of prenatal CHB recurrence, mortality, and disability. In addition, it is thought that dexamethasone could be beneficial with the fetal cardiac involvements, such as SB, echogenicity near AV node, and ventricular systolic dysfunction with valve regurgitation.\[[@ref26][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46]\]

Intravenous immunoglobulin, plasmapheresis, and combined strategies {#sec2-10}
-------------------------------------------------------------------

Due to the side effect and limited benefit of steroids alone treatment, combined therapy has been proposed and attempted.

First, IVIG and plasmapheresis have been used to desensitize patients with alloantibodies and they are also effective to decrease antoantibodies in patient\'s circulation. Accordingly, they were used in combination with steroids to treat fetal CHB in mothers with autoimmune conditions. A treatment regimen consisting of dexamethasone 4 mg/d throughout pregnancy, weekly plasmapheresis, and IVIG 1 g/kg every 2 weeks were carried out; it appeared to provide benefit for fetuses with second- and third-degree block.\[[@ref39][@ref41][@ref42]\] However, administration of low dose of IVIG (0.4 g·kg^−1^·d^−1^, 5 days continuously) failed to prevent the progression and recurrence of CHB in high-risk pregnancies.\[[@ref39][@ref43]\] Despite possible benefit, combination therapy with IVIG and plasmapheresis could not reverse the progression to CAVB either.\[[@ref40][@ref43]\]

Second, it has been reported that hydroxychloroquine (HCQ) could reduce the incidence of heart block in fetuses exposed to autoantibodies prenatally and has been used in the combination of glucocorticoid. HCQ has been recommended to be used in these patients at a dose of 200 mg, two times/day.\[[@ref44][@ref46][@ref47][@ref48]\]

The efficacy of combined therapy may be achieved through multiple mechanisms simultaneously. From the maternal aspect, they may be more efficient to remove maternal autoantibodies, and/or maintaining them at a low level, decreasing autoimmune-mediated inflammation via anti-idiotypic regulation, induction of inhibitory Fc receptors, and inhibition of placental anti-Ro/La transport.\[[@ref40]\] From the fetal aspect, glucocorticoid and HCQ may be transported cross placenta and directly modulate autoimmune-mediated inflammation in fetal heart.\[[@ref39][@ref40][@ref48]\] While these combined therapies could be effective in treating fetal cardiac manifestations mediated by autoantibodies, their beneficial effect can be achieved only when they are administered within a strict time window. Larger prospective studies are still necessary to comprehensively evaluate the efficacy of therapy in different drug combinations.\[[@ref39]\]

Pre- and post-natal pacing {#sec2-11}
--------------------------

A large number of studies have reached consensus that fHR is an important parameter for the outcomes. When fHR is beyond 75 beats/min, fetal cardiac output can meet the requirement of fetal growth and development; prenatal cardiomyopathy and cardiac insufficiency are usually not present. If fHR is between 55--75 beats/min, close monitoring and comprehensive evaluation are strongly recommended, since compromised fetal cardiac function will gradually appear in the absence of proper intervention. Furthermore, if fHR is \<55 beats/min, cardiomegaly and fetal hydrops are inevitable. A well-accepted recommendation is that drug or pacing therapy should be performed prenatally when fHR is \<75 beats/min.\[[@ref1][@ref39][@ref40][@ref41]\]

Among all sympathomimetic agents, terbutaline and salbutamol have a favorable transplacental transfer rate and β-sympatheticomimetic action, and they can increase fetal HR and play a positive inotropic action on fetal myocardium. When fHR is \<55 beats/min or associated cardiac dysfunction and hydrops, sympathomimetic therapy should be started. Terbutaline is recommended with an initial dose of 2.5 mg q6h, salbutamol of 2.5 mg q8h. Dosage and administration time can be adjusted according to maternal and fetal dynamic assessments. Regarding fetal pacing therapy, percutaneous transparietal *in utero* fetal cardiac pacing has been attempted as a possible solution for providing fHR support. However, with currently available techniques and instruments, it appears to be associated with high risk, as fetal demise occurred after the procedure in a high proportion of studied cases.\[[@ref1][@ref38][@ref39][@ref40][@ref41]\]

Indications for postnatal cardiac pacing and the decision-making process can be more complicated in patients with more subtle symptoms, such as tiredness, poor fetal growth, frequent nightmares, and napping. If clinical bradycardia is the most likely cause of the symptoms, then the pacing is usually recommended. However, the decision regarding implantation of pacemaker needs careful consideration for the benefits of symptom improvement against the risks associated with long-term pacing therapy.\[[@ref38][@ref39][@ref40][@ref41]\] The pacemaker implantation is recommended for symptomatic patients and asymptomatic patients who have profound bradycardia, left ventricular dysfunction, a wide QRS interval, or a prolonged QT interval. Recently, it is recognized that a subset of paced patients develop DCM, heart failure, and they are also at a high risk of developing complications associated with intracardiac material. Therefore, regular follow-up is strongly recommended for patients with pacemaker implantation.\[[@ref1][@ref5][@ref7][@ref49]\]
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As discussed in the preceding sections, during the past decades, extensive research has been performed for autoimmune-associated fetal CHB, and the acquired knowledge allowed us to understand better for this disease from multiple aspects. Yet, there are still questions to be answered and problems to be resolved. First, in addition to the maternal antibodies and genetic factors, many other factors that significantly contribute to CHB pathogenesis remain to be defined. Second, while we have more information to understand pathogenic effect of anti-Ro52 antibody, more investigations are necessary to elucidate the molecular mechanisms of other autoantibodies and genetic factors in promoting or regulating the development of CHB. Third, the data supporting the association between certain HLA genotypes and CHB susceptibility are convincing, but the relationship between different expression patterns of HLA genes and CHB variants remains to be established. Furthermore, the relationship between racial specificity of HLA and the occurrence, progression, and therapeutic outcomes of CHB in different ethnic groups remains to be determined. Fourth, no therapy is currently available to effectively slowdown, halt, or reverse the malignant progression of CHB. It is urgently needed to find method to prevent the progression of CHB. Finally, from the perspective of developmental origins of health and disease, also called fetal origin and programming hypothesis,\[[@ref52]\] long-term investigation from fetal stage to adulthood is needed to determine the disease spectrum mediated by autoantibodies.
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